Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

VIBRATING WIRE SCANNER FOR
BEAM PROFILE MONITORING

Arutunian S.G., Dobrovolski N.M., Mailian M.R., Sinenko I.G., Vasiniuk I.E.
Yerevan Physics Institute, Br. Alikhanian St. 2, 375062 Yerevan, Armenia

Abstrad

Method of beam transverse profile
measurement in accelerators by scannimige is
wide-spread in accelerator technology [1-6]. In this
work vibrating wire is proposed tase as acanning
wire. In such way thesystem of radiation (or
secondary patrticles) extractiamd measurement can
be removed. Dependence of oscillations frequency
on beamscattering is determined by several factors.
Our estimations showhat influence caused bwire
heating will dominate.

1 INTRODUCTION

A beam of charged particles affects on
vibrating wire frequency in several ways: mechanical
transverse influence caused by transferred pulse of
the beam, influence of beam magnetic field,
radiation affect ofthe beam on the wirenaterial,
heating ofthe wire. The last effect islominating,
since for typical currents of accelerator beams the
wire of um diameter heats over 1000 K [2, 3].

Authors have accumulated a certain
experience in development of tension gauges on the
basis of vibrating wire. Frequency long-time relative
stability (1.0 at relative resolutiom0°® is obtained.

As a result of frequency multiplication its
measurement become much more accurate hsve
used such pickupsfor measurement of spatial
distribution of magnetic field [7].

2 EQUILIBRIUM TEMPERATURE

Consider a long thin round wirestrained
along the y axis. Wire ends are kept @bnstant

temperatureT,. "Thin" and "long" mean that the

wire diameterd, itslength | and part of thewire
iradiated bythe beamo, satisfy the condition

d <<o, <<|. Beampropagates alonthe z axis,

the wire scans the beam in transvexsdirection.
Equilibrium temperature of an immobile
wire in vacuum under beam is defined by the
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balance betweethe power AE/At brought to it by

the beam and twéactors ofheatremoval: thermal
radiation  through the surface W, and

thermoconductivity ofthe wire material through its
endsW, .

The power released orthe wire can be
estimated by formula:

AE  [dE
* = %Edﬁp(x)oyd), (1)

where dE/dz is theionisation loss obeamparticles
in wire material, p(x) is local flux density ofbeam

particles, k is thecoefficient characterisinthe part
of scattered beam energy working aire heating.
In works [3, 4]k is set equal to 1/3.

The thermal radiationW; is determined by

the formula:
W = S0 (T - 1), (2)
where §; is the sidesurface ofthewire, o is the

constant of Stefan-BoltzmannT
temperature of the wire.

is the absolute

Heat loss through the wire ends
approximately is equal
W, = 2SK(T- )/ | 3)

where S is the wirecross sectionK is thethermal
conductivity of wire material.
Fig. 1 shows calculated curves;,W, and

W, + W, (o, =1 mm).
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Fig. 1. Energy losses for tungsten wirgs80 um,
d>=10 um, =40 mm,0,=3 mm,a,=1 mm.
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The equilibrium temperature othe wire is
determined from the equation of balance:

W, +W, =AFAt 4)
Solution of this equation with respect T
at different distances othe wire from thebeam
centre are presented in Fig. 2.
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Fig. 2. Wire equilibrium temperature, d=gf (1),
d=10um (2).

Time of thermaliséion 1 UE,,./W also is

an important parametefor the scanning, where
Eqoe iS the thermal energy stored imhe wire.

Calculations showthat the termalisationtime is
minimal in the beancentreand is 2 and 3econds
respectivelyfor tungsten wires of diameters 30n
and 30pum. In the beamperiphery this time is
approximately doubled.

Note whenscanning consecutivelghe total
time of scanning ismuch more less than the sum of

thermalisation times of individual points, because of

the wire temperature changes
passing from one point to another.

insignificantly at

3 MODEL EXPERIMENT

Influence of the wire temperature on its

natural oscillations frequency is determined by its

elongation:

Af/f = —(1/2)Al)l = 0, AT, (6)
where AT is thetemperature variation. Coefficient
a, for metals varies from few units of $K up to

10° K(steels, bronzes, brasses, aluminium alloys).

However, for the rigidly fixed wire more
essential ighe influence of temperature changes on
wire tension arising from inequality of coefficients of
thermal expansion of wira, and the base,:

A 1AF ES

— = —— = —(0p — 0g)AT, 7

f 2F F (@0 -a) ()
where E is theYoung's modulus,F is thewire
tension. In formula (7) a largéimensionless factor

EY F is separatecout. Thus, for the wirewith
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rigidly fixed ends the dominating factor is the
influence of the temperature on wire tension.
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Fig. 3. Frequency dependence on current.

Heating ofthe scanningwire wasmodelled
by passing of direct currents througte wire. Wire
natural oscillations were generated fwo modes:
with one free end and with fixed ends of the wire.

Results oftwo series of measurements for
tungsten wire of diameter 70m are presented in
Fig. 3. Thefirst series (squares) was carriedt for
currents from 75 mA up t@50 mA (glow appeared
at 235 mA) and from 215 mA up to 345 mA.first
seriesthe current was changed stepwise. In second
case between twoonsequent valuethe current was
nullified. In second seriethe frequencyhadrestored
well at each switching on for currents up to 345 mA.
Yellow glow (T =1000 K) appearfor currents more
than 300 mA.
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Fig. 4. Transient characteristics of wire with a free
end,|=215mA.

Fig. 4 showsthe transient characteristics at
switching on/offfor the current215 mA. One can
see that thdérequency exceediss steady-state value
during afew secondsOne can take this value for
estimate othethermalisatiortime 1 . Coolingdown
processesre depicted without destruction, because
after switching on it takesome time forcurrent to
reach its steady-state.
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Fig. 5. Transient characteristics of wire with rigidly
fixed ends)=215mA.

Similar experimentswere done forwires
with rigidly fixed ends. As it was mentioned above,
the frequency changes intervavas much more
wider. Fig. 5 showsghe transient characteristics at
switching on/off of the current 215 mA.

Restoration ofthe frequency inboth cases
were good enoughi,e. heating of the wire up to
1000 K does not lead tioreversible changes of wire
parameters.

4 MAGNETIC FIELD

There are twopossibilities in scheme of
vibrating wire scanner: to use a scheme with own
magnet or uséhe accelerator magnetic fielddipole
magnets, quadrupole lenses). In developed by the
authors pickups natural oscillations thle wire were
excited in autogeneration scheme. Exciting action on
the wirearises as a result of interaction between the
current throughthe wire andmagnetic field of the
samarium cobalt magnete field being localised in
an magnet operatingap of thelength 10mm. The
characteristic field induction insid¢he gap was
about 8 kGs.

To keep thetransverse effective square of
the wire withrespect to on-going bunch, separation
of oscillations along the bunch axis is desirable.

Fields of dipole magnetsre strongenough,
however,they fix the horizontal movement of the
wire. It is also possible to use the fields of
guadrupole lenses. Scanniogn be done iwertical,
horizontal or under the angle %8irections.

Usage of vibrating wire scannewdth own
magnets located in accelerators free spaceslsie
possible. In so doing it is preferable to intersect the
bunch at 1/4 of wire lengththe magnetic circuit
being located symmetrically with respect ware
centre, in such way providing generation of the
second harmonic. In thisase themagnetic field
outside the gap is to be carefully screened.
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5 THERMALISATION TIMES

Stability with respect to wire heating is one
of the mainproblems in developed wirscanner
technologies. To solve this problerthe scanning
was done at a high speed, upb0 m/sec[3, 4],
i.e. the wirepasses acrogee mm sizebunchduring
10* seconds. Such timesare too small for
thermalisation ofthe wire. Note,the estimate oft
can belowered, because ireal movement from one
point to another will result in lessemperature
jumps. However,one cannot expecthermalisation
times less than 1®s at temperatures, where long
time exploitation of wire is possible.

It is possiblethat problem of thermalisation
time can besolved by improvement of wiréxing
system, which now is essentially simplified in
comparison with similar wire scanning systems.

6 CONCLUSION

Indubitable advantage of proposed method is
the compactness ofthe whole systemand the
elimination of the unit of radiation receivers. The
peripheral monitoring ofthe bunch by proposed
method also can be interesting.

Authors would like to thank R.Reetz and
A.Ts.Amatuni for helping support.
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